Background
White dot syndromes (WDS) are a group of inflammatory chorioretinopathies distinguished by ophthalmoscopic findings, characterized by the presence of whitish or yellowish fundus lesions which vary in shape, size, and location, and at times are associated with uveitis in the anterior segment and/or the vitreous body [1] [2] [3] [4] .
The etiology of WDS is unknown and the hypothesized causes include viral infection, parasitic infestation, and autoimmune or genetic predisposition [4, 5] .
To date, a dozen different WDS have been described. In addition to such commonly known entities as multifocal choroiditis with panuveitis (MFCPU), multifocal choroiditis (MFC), punctate inner choroidopathy (PIC), and multiple evanescent white dot syndrome (MEWDS), there have also been reports of relentless placoid chorioretinitis (RPC), acute idiopathic exudative polymorphous vitelliform maculopathy (AIEPVM), and peripheral multifocal chorioretinitis (PMC) [6] [7] [8] [9] .
Ophthalmoscopic and angiographic findings differ between particular WDS. In the 1990s, Gass proposed found that most WDS, such as MEWDS, PIC, acute annular outer retinopathy (AAOR), acute zonal occult outer retinopathy (AZOOR), acute macular retinopathy (AMN), and MFC, are in fact variants of the same disease [10, 11] . According to Essex et al. and Fung et al., MFC and PIC are the same disorder [12, 13] .
The aim of this study was to report the long-term clinical course and characteristic features of the fundus lesions in patients with different WDS treated at the Department of Ophthalmology, Medical University of Warsaw in the years 1995-2015.
There is a need for long-term follow-up evaluation because the fundus lesions in WDS evolve, and imaging studies, especially color photography, are used to document this evolution.
Material and Methods
We reviewed the medical records of 62 patients (43 females, 19 males) aged 18 to 77 years (mean age 41.8+16.7) who underwent diagnostic examinations for WDS at the Department of Ophthalmology, Medical University of Warsaw. The follow-up period ranged from 5 months to 16 years. During that period, the patients underwent a complete ophthalmological examination, including best-corrected visual acuity (BCVA), slit-lamp examination, and ophthalmoscopy. The other examinations included color photography of the posterior pole and peripheral retina, and fluorescein and indocyanine green angiography (VISUPAC 5.0, Carl Zeiss Meditec AG, Germany; Spectralis HRA+OCT, Heidelberg Engineering; Heidelberg, Germany). Spectralis HRA+OCT is a full name of the device, which combines confocal scanning laser ophthalmoscopy (cSLO) and spectral domain optical coherence tomography (SD-OCT), ultrasonography (AVISO, Quantel Medical, France), visual fields (Dicon Auto Perimetr, Vision System, INC, Canada; Goldmann), and optical coherence tomography (OCT) (CARL ZEISS Stratus OCT™; Cirrus HD-OCT, Carl Zeiss Meditec AG, Germany, Spectralis HRA+OCT, Heidelberg Engineering; Heidelberg, Germany).
The research adhered to the tenets of the Declaration of Helsinki.
Results
The most common diagnosis in the group of 62 patients with WDS was MFCPU (21 patients, 33.8%), followed by MCF (8 patients, 12.9%), PIC (8 patients, 12.9%), birdshot chorioretinopathy (8 patients, 12.9%), acute posterior multifocal placoid pigment epitheliopathy (APMPPE) (7 patients, 11.3%), subretinal fibrosis and uveitis (SFU) (4 patients, 6.4%), MEWDS (3 patients, 4.8%), serpiginous choroidopathy (2 patients, 3.2%), and AAOR (1 patient, 1.6%). Mean follow-up period was 3.9±2.8 years. In 40 patients (64.5%), the lesions were bilateral and in 22 patients (35.4%) they were unilateral. Myopia (-1.25 Dsph to -6.5 Dsph) was found in 20 patients (32.2%) (i.e., in all patients with MCF and PIC), 2 with APMPPE and 2 with SFU. Four patients with MFCPU (6.4%) had a coexisting systemic disease (sarcoidosis in 3 cases and multiple sclerosis in 1).
The ocular symptoms were preceded by the manifestations of a respiratory infection in 4 out of 7 patients with APMPPE and in 1 patient with AAOR.
Two patients with APMPPE who suffered from a low-grade fever and persistent cough were tested for influenza virus, and a generalized infection was confirmed in 1 patient. The PCR study of nasal swabs found the genetic material of type A influenza virus, but not of type B influenza virus. In 9 cases (1 patient with MFC, 3 with PIC, 1 with serpiginous choroiditis, 3 with SFU, and 1 with AMPPE), coexisting subretinal neovascularization at different stages of activity was observed.
In 1 case of PIC, 3 injections of Macugen (pegaptanib sodium) were administered, photodynamic laser treatment (PDT) was used in 2 cases (MFC, AMPPE), and systemic corticosteroids in 3 (2 patients with SFU and 1 with serpiginous choroiditis).
In 2 patients with PIC, subretinal neovascularization resolved without treatment. In the remaining patients (PIC, SFU) no treatment was given due to either very significant scarring or pregnancy.
Coexisting secondary glaucoma was found only in patients with MFCPU and topical glaucoma, and anti-inflammatory treatment stabilized the intraocular pressures.
Among the patients included in the present study, the most severe clinical course was seen in all cases of subretinal fibrosis, with low visual acuity at presentation and poor response to systemic corticosteroids.
Epidemiological data are presented in Table 1 . 
Discussion
White dot syndromes are a group of ocular disorders, distinguished from one another by ophthalmoscopic and angiographic findings, whose clinical course is characterized by lesions in the retina, choroid, and pigment epithelium, and some WDS may be described as inflammatory choriocapillaropathies [14] .
The incidence of WDS in adults in not known, but Spital et al. estimate the rate in pediatric patients at 1% to 5% [15] .
The literature search revealed single reports of cumulative incidence rates for different WDS in particular populations [2, 15] .
To the best of our knowledge, it is the first report emphasizing the need of a long-term follow-up of WDS and documenting the evolution of lesions by means of color photography.
In our analysis of the clinical findings pictures of patients with WDS, we identified 9 entities out of a dozen described WDS, but found no cases of AZOOR, DUNS, or AMN [3, 14, [16] [17] [18] . The lesions were bilateral in 64.5% of patients and unilateral in 35.4%. Fung et al. found bilateral lesions during followup of over 4 years in patients with MFC [13] . In our study, no fellow eye involvement was observed in patients with initially unilateral lesions.
Myopia may accompany WDS, especially MFC, PIC, and MEWDS [13, 14, 19] ; we found it in 21 patients (33.8%), in all patients with MFC and PIC, 2 patients with AMPPE, and 3 with SFU.
Coexisting systemic disease occurred in 4 patients, all of them with MFCPU (sarcoidosis in 3 cases and multiple sclerosis in 1 case). Perlman et al., in their follow-up study of 114 patients with WDS, found autoimmune disease in one-fourth of patients, mostly disorders of the thyroid gland (Hashimoto or Graves disease) or skin (psoriasis, alopecia areata, atopic dermatitis) [5] .
MFCPU was the most common WDS (33.8%) and typical complications such as cataract, glaucoma, cystoid macular edema, and epiretinal membrane were found in 21 patients, which is in agreement with reports by other authors [17, [20] [21] [22] .
In contrast to the studies by Wachtlin et al. and by Gerth et al., Perlman el al did not observe any development of choroidal neovascularization [5, 23, 24] , nor did they find optic neuropathy, which was described by Thorne et al. [25] .
In 2005, we published a report of 14 cases of changes described as multifocal choroiditis and panuveitis (MCP), but at present the term multifocal choroiditis with panuveitis (MFCPU) is preferred [26] .
In the present follow-up study, we originally assumed that the size of the lesion was an important feature which distinguished MFC from PIC, but we now realize that such a final differentiation may be arbitrary [27] . The evolution of lesions in Patient 1 seems very interesting in this respect.
In 2003, in our assessment, the clinical picture appeared to be characteristic of PIC, and 6 years later, the appearance of lesions suggested MFC, although we are aware that some other ophthalmologists might diagnose POCHS in the right eye and PIC in the left eye.
There have been reports of coexisting choroidal neovascularization in patients with WDS, especially MFC and PIC, and much less frequently in the course of APMPPE, serpiginous choroiditis, SFU, MEWDS, or birdshot chorioretinopathy [13, 20, 23, [27] [28] [29] [30] [31] [32] [33] [34] . In our study group, choroidal neovascularization occurred in 9 patients (14.5%), mostly in the course of PIC and SFU and in single cases of serpiginous choroiditis, MFC, and APMPPE.
Depending on the activity of the lesions, most promising treatment options available at the time were used, ranging from Table 1 . Epidemiological data of patients with white dot syndromes.
1109 immunosuppressive agents to photodynamic laser therapy to intravitreal injections of Macugen (pegaptanib sodium).
In 1 case, choroidal neovascularization occurred in early pregnancy (7 weeks) in a 31-year-old woman with PIC. The lesions healed spontaneously within 5 weeks. There have been single reports of choroidal neovascularization in pregnant women, observed in the course of presumed ocular histoplasmosis syndrome, inner punctate choroidopathy, or idiopathic disease [35] [36] [37] [38] .
According to Vuorela et al., from the onset of pregnancy, vascular endothelial growth factor (VEGF) and placental growth factor (PIGF) are highly expressed not only in the placenta, but also in the maternal blood, which can be the cause of choroidal neovascularization [39] .
In patients with birdshot chorioretinopathy, we observed its typical complications, but not subretinal neovascularization as reported by Nguyen et al. and Oueghlani et al. [30, 40] .
Out of 7 patients with APMPPE, the visual acuity returned with general treatment in 6 after treatment with prednisone or acyclovir or both [41] . Similar findings were reported by Gass et al., but Fiore reported that nearly half of the patients did not recover full visual acuity [42, 43] .
In our study, we proved the association of flu infection with the development of APMPPE, a finding that to date has not been reported by other authors. In 1 case, APMPPE was considered to be recurrent since active and healed lesions in the fundus were accompanied by pigmented scarring and choroidal neovascularization subsequently healed with photodynamic therapy. Choroidal neovascularization secondary to APMPPE is rare [31] .
In all cases of subretinal fibrosis, poor response to systemic corticosteroids was observed.
The reports by Amaro el al and by Adnan et al. are similar in this respect [44, 45] . Adnan et al. and Cornish et al. found that treatment with infliximab or rituximab was effective in diffuse subretinal fibrosis [45, 46] .
In our study, the clinical course of MEWDS and AAOR was typical and in agreement with the observations of other authors [3, 18] . The diagnosis of WDS may pose a problem, because although the fundus lesions meet the diagnostic criteria of WDS, the appearance of the foci or their location may make the identification of a specific WDS difficult. Occasionally, the WDS may overlap, and in one patient, lesions characteristic of 2 different WDS may be found in one or both eyes [47] [48] [49] [50] .
Our group of 62 cases of different WDS in patients attending the Ophthalmology Department, Medical University of Warsaw in the years 1995-2015 may seem small, but, like Kedhar, we think that it is due to the fact that as a referral center, we admit mostly selected patients requiring rapid diagnosis and treatment for macular lesions [27] .
Conclusions
In our opinion, it is extremely important for clinicians to learn more about WDS, because some patients with features of WDS are still referred to infectious diseases hospitals with the diagnosis of infectious chorioretinitis, especially suspected ocular toxoplasmosis. Monitoring of the lesions by means of color photography and angiography is also very important, and allow objective assessment of the evolution. The wide variety of lesions observed in the eye fundus suggests different entities, but in its final stage WDS may present with a similar appearance.
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